Life-cycle inventory and cost-analysis tools applied to milk packaging offer guidelines for achieving better environmental design and management of these systems. Life-cycle solid waste, energy, and costs were analyzed for seven systems including single-use and refillable glass bottles, singleuse and refillable high-density polyethylene (HDPE) bottles, paperboard gable-top cartons, linear low-density polyethylene (LLDPE) flexible pouches, and polycarbonate refillable bottles on a basis of 1,000 gal of milk delivered. In addition, performance requirements were also investigated that highlighted potential barriers and trade-offs for environmentally preferable alternatives. Sensitivity analyses, indicated that material production energy, postconsumer solid waste, and empty container costs were key parameters for predicting life-cycle burdens and costs. Recent trends in recycling rates, tipping fees, and recycled materials market value had minimal effect on the results. Inventory model results for life-cycle solid waste and energy indicated the same rank order as results from previously published life-cycle inventory studies of container systems.
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Packaging is a fundamental element of almost every product system. Although product containment, protection, aesthetics, and information provision are the primary requirements influencing packaging design, packaging has also received significant environmental scrutiny over the last two decades. In particular, postconsumer packaging waste has been targeted for reduction by manufacturers, consumers, and policy makers. Postconsumer solid waste reduction represents an important opportunity for environmental improvement; however, this metric provides only a partial characterization of the total environmental burden of the package. Life-cycle assessment (U.S. EPA 1995; SETAC 1993) represents a more comprehensive environmental assessment of a packaging system by addressing other environmental burdens such as energy and raw material consumption, as well as air and water pollutant emissions. These burdens are evaluated in the material production, manufacturing, use, and end-of-life management phases of the packaging life cycle.
A wide range of life-cycle assessments (LCAs) of packaging systems have been conducted (Dover et al. 1993; Kooijman 1993; Kuta et al. 1995; Midwest Research Institute 1976; Deloitte and Touche 1991; Franklin Associates 1991; Lundholm and Sundstrom 1985; Boustead 1995; Swiss FOEFL 1991 to better understand the environmental profile of alternative packaging systems. However, full integration of environmental issues into design, management, and policy decisions that influence packaging has been limited in scope. In addition to characterizing the environmental burdens related to packaging systems, improving the sustainability of these systems also requires a better understanding of other key factors affecting their management. These factors include a complex set of economic, performance, and regulatory/policy requirements. The life-cycle design framework provides a systems-oriented method for analyzing these multiple and often conflicting objectives (Keoleian et al. 1995; Keoleian and Menerey 1993a) . This paper evaluates the environmental, cost, and performance profiles of milk packaging alternatives to develop specific design and management guidelines. Inventory and cost models were developed to measure the life-cycle energy, solid waste, and costs for seven alternative milk packaging systems. Sensitivity analyses of key model parameters were conducted, and inventory model results were compared with results from previously publishe d studies. In addition, performance requirements were examined and trade-offs among system requirements were identified.
Methodology

Product System
The methodology for a comparative assessment of milk packaging begins with a clear definition of the product system under investigation. To analyze milk container design and management, seven milk containers including single-use and refillable glass bottles, single-use and refillable high-density polyethylene (HDPE) bottles, paperboard gable-top cartons, linear low density polyethylene (LLDPE) flexible pouches, and polycarbonate bottles were investigated. Container mass and U.S. national average recycling rates for each container are presented in table 1. Sensitivity analyses of key product system parameters including trippage rates, container mass, landfill tipping fees, recycled material market value, and recycle rates were conducted. Table 2 provides data on the market value of recycled HDPE and glass between 1995 and This study considered the life-cycle aspects of milk packaging for sale to households. Packages used for the delivery of fresh dairy milk were selected for study. Systems for delivering milk to on-site users, such as school lunch programs, were not included in this study. Additionally, this study did not address impacts associated with beverage production and filling. Data on trippage rates for refillable containers varied considerably depending on the means of distribution and container material. Trippage for glass refillable bottles has been reported to average between 20 and 30 trips (Swope 1995; Calder Dairy 1997; Oberwise Dairy 1997) , but a milk bottle manufacturer indicated values range from less than 10 for milk sold by large grocery chains to 20 to 35 for dairies that own retail stores to 30 to 50 for home-delivered milk (Stanpac 1997 ).
For polycarbonate, trippage was reported to average 50 trips (Swope 1995) . A dairy in Saratoga Springs, New York, indicated that polycarbonate bottle trippage was approximately 12 trips for grocery store retail due in large part to the lack of returns made by customers. This dairy, however, reports that lunch programs yielded a trippage of about 100 trips (Stewart's .
As of 1990, HDPE bottles dominated the U.S. household milk container market with a 68% (volume basis) share, whereas paperboard (gable-top) cartons commanded 32% of the market. All other milk containers had a less than 1% share (HarborSide Research 1994) . Interestingly, the Canadian market is quite differ- e Source: (Saphire 1994 ).
f The LLDPE pouch is a flexible pouch produced in a form-fill-seal continuous operation. The resin used for pouch production consists of a mixture of 80% LLDPE with 20% low-density polyethylene (LDPE).
g No recycling rate was available for polycarbonate bottles or LLDPE pouches. 
The flexible pouch claimed a 55% market share in 1988 (Erickson 1988) , which had increased to 83% in 1995 83% in (EPIC 1997 . This discrepancy, along with historical trends, makes many industry analysts believe that there is potential for change in the U.S. dairy market (Erickson 1988) . A functional unit of 1,000 gal (3,785.4 liters) of delivered milk was used to compare containers on an equivalent use basis. This basis was used for all environmental and cost assessments unless otherwise indicated. By contrast the performance assessment is strictly qualitative in nature.
Environmental Assessment
An inventory model was developed to explore the sensitivity of the life-cycle energy and solid waste burdens to changes in key parameters. The inventory model used 1990 and 1996 material production data sets publishe d by a single source (Ecobalance of Packaging Materials; Swiss FOEFL 1991 with the exception of polycarbonate, which comes from Franklin (1990) and Boustead (1997) . The inventory model utilized publish ed data (PPI 1995) , when appropriate, to evaluate the energy required for container formation. The energy used and solid waste generated by bottle washing for refillables were determined from Midwest Research Institute (1976) and compared with recent data on steam requirements for washing equipm ent (Dostal & Lowey Manufacturing Company 1997) . Fuel economy (single-unit diesel truck) and the solid waste generation factor for fuel production for the 120-mile transport distance between the dairy and retail stores were obtained from Franklin Associates (1992) . Transportation energy was modeled assuming a linear relationship between weight and fuel consumption; more precise modeling was beyond the scope of this study. For example, the energy factor for a single-unit truck is 3,136 Btu/tonmile (2.266 MJ/1,000 kg-km), and this factor assumed that trucks returned empty to their starting point. For refillable containers the transportation energy for back hauling empty containers was also inventoried. In the container end-of-life stage the energy required for postconsumer container collection, recycling, and disposal were taken from Franklin Associates (1994) . The end-of-life solid waste was determined based on the container weight and national average data for the percentage of containers recovered for recycling and the fraction of municipal solid waste incinerated, which is 16% (US EPA 1996) .
Sensitivity analyses were performed to explore the effects of container weight on life-cycle energy and solid waste, and the effects of postconsumer recycling rates on life-cycle solid waste. The environmental assessment of alternative milk containers, presented here, includes results from previously published life-cycle inventory studies (Midwest Research Institute 1976 , Franklin Associates 1991 . These results are compared with model results. A larger data set for other beverage container systems studied by the authors is reported elsewhere .
The availability of published U.S. or North American material production inventory data is currently very limited. Consequently, this investigation relied heavily on European material production data. Production processes are not expected to differ significantly between Europe and the United States for the materials investigated herein. Electricity production efficiencies for Europe and the United States are very comparable relative to other inventory parameters such as air pollutant emission factors; hence this factor may not strongly affect the representativeness of the European energy data for U.S. conditions. For example, the electricity production efficiency for the national grid in the United States has been reported as 0.32 (Franklin Associates 1992), whereas the efficiency for the Union for the Connection of Production and Transportation of Electricity (UCPTE) was found to be 0.378 (Swiss FOEFL 1991) . Regional differences in electricity production within the United States and Europe, however, are much greater than this difference and could be significant. An analysis of the electricity supply system in the United States indicated that the electricity production efficiency varies between 22% and 47% across the ten regional grids as defined by the North American Electric Reliability Council (Boustead and Yaros 1994) . The influence of the electricity production efficiency is minimal because electricity accounts for between 1% and 28% of the total material production energies for glass, plastic resins, and paperboard.
Environmental releases could, however, differ significantly due in part to differences in environm ental regulations controlling these material industries. In general, airborne emissions and water effluents data show significant variability. For example, a comparison of material production databases of two major life-cycle practitioners indicated that the air and water emissions data varied by as much as 187% .
1 For this reason airborne and waterborne emissions data were not incorporated in this environmental analysis.
Cost Assessment
The life-cycle costs analyzed for each container system include empty container costs, filling costs, transportation costs, and end-of-life management costs. Empty container costs were evaluated based on the price paid by fillers for enough containers to deliver 1,000 gal of milk. Filling costs accounted for amortized equipment costs only; labor and utility costs were not evaluated. Labor and utility cost data were not available because they were regarded as proprietary by the dairy industry. The cost of transportation fuel was estimated for distributing full containers to retail locations and for the return of empty trucks back to their starting point. Back hauls of empty containers for refillables were also included in the cost of transportation to retail. Model parameters used for the transportation cost analysis are reported elsewhere (Keoleian et al. 1997) .
Finally, the end-of-life management costs were determined for each container. End-of-life management costs included collection, material or energy recovery costs, and landfill disposal costs. Material recovery costs assumed curbside collection and accounted for both the material processing costs at a recycling facility and the market value of recovered materials. Waste-toenergy recovery costs were also estimated by accounting for the energy embodied in each combustible container. The cost of disposing of the remaining postconsumer wastes not recycled or incinerated were then calculated using an average tipping fee for sanitary landfill disposition of municipal solid waste (MSW) in the U.S. reported by the National Solid Waste Management Association of $30.25/ton (June 1995). Sensitivity analyses were conducted to investigate the effects of volatility in recycled material markets and solid waste tipping fees on life-cycle results. Recent national average tipping fees from 1993 to 1996 were obtained from BioCycle, and the regional variation in tipping fees for 1996 were also examined. Secondary material prices for glass and HDPE between January 1995 and October 1997 were obtained from Recycling Times.
The total life-cycle cost is the sum of empty container cost, filling equipment cost, cost of transportation to retail, and end-of-life management costs. Milk retail prices were not used to estimate relative costs of alternative milk packaging. The cost for packaging is not always accurately reflected in the retail price because milk products are often merchandised as loss leaders 2 with a very low and variable profit margin.
Performance Assessment
Performance requirements define the functional attributes of a product system. A literature survey revealed that six functional attributes significantly influence milk package design and selection. These performance requirements are container clarity, burst/shatter resistance, ease of opening, weight, resealability, and handling of empty refillable containers (Dairy Industries International 1994; Dexheimer 1993; Sfiligoj 1994; Urbanski 1991) . These attributes are relevant to many stakeholders of the milk packaging life cycle including package designers, dairies, distributor s, retailers, and consumers. Several potentially important criteria were not evaluated, such as barrier properties, taste characteristics, and aesthetics (Urbanski 1991; Sfiligoj 1994; Saphire 1994) .
After the literature survey was completed, each container was subjectively evaluated, based on the authors' judgment, for the six performance measures and ranked as follows: good (+), neutral (0), or poor (-) . In this analysis each of the six criteria was weighted equally to determine an overall performance score. Stakeholder analysis including focused market research
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would establish a more concrete valuation system and ranking of performance criteria.
Results and Discussion
This section presents the environmental, cost, and performance characteristics of the seven milk packaging systems investigated. In reviewing these results, trade-offs among the alternatives begin to emerge and provide some insight into the relative success of these packaging systems in the market. Guidelines are also formulated based on the environmental and cost assessments to enhance milk packaging design and management decisions. Table 3 presents the total life-cycle energy consumption for each container based on previous studies and the inventory model using 1990 and 1996 (1997 for polycarbonate) material production data sets. Model results using the most recent material production data indicate the energy use for refillable containers per 1,000 gal of milk delivered ranged from 670 MJ, for 50-trip 1-gal refillable HDPE bottles, to 7,200 MJ, for a 5-trip 0.5-gal refillable polycarbonate bottle. Single-use containers per 1,000 gal of milk delivered consumed between 2,060 MJ, for a 0.5-gal flexible pouch, and 15,300 MJ, for a 0.5-gal glass bottle. Refill rates have a dramatic effect on the total life-cycle energy consumption of milk containers. An individual refillable container is generally more material-intensive relative to a single-use container of the same design and material type. As container reuse rate increases, container production energy becomes less significant on a unit volume delivered basis. The total life-cycle energy approaches the sum of the washing, filling, and transport energies in the limit as the refill rate increases.
Environmental Assessment
Energy Consumption
The inventory model, using 1990 and 1996 material production data sets, corroborated results from previous studies. The rank order of container systems for life-cycle solid waste and energy was consistent among studies. In general, more recent inventory data sources (1990 and 1996) indicated a lower material production energy that accounts for the lower total life-cycle energy computed from the model compared to previous studies. Reasons for these differences may include improvements in process efficiency, energy supply efficiencies, and LCA methods. Model results based on the 1990 inventory data set did not differ significantly from the 1996 model case.
As is apparent from table 3, material production energy constitutes the majority of many containers' life-cycle energy inputs. On average, material production consumes 93%, 89%, and 90% of total life-cycle energy for single-use milk containers for the previously published studies, for the model results based on the 1990 data set and for the model results based on the 1996 data set, respectively. For the high trippage refillable containers based on model results with the 1996 data set, this percentage is only 36, which is expected due to the increased importance of washing and transportation at higher refill rates.
Model predictions for the effect of container weight reduction on the life-cycle energy are shown in table 4. In general, table 4 shows a strong correlation between weight reduction and lifecycle energy reduction. Some beverage container packaging has undergone significant weight reductions (Porter 1993) . Making containers lighter is limited, however, because all containers must meet minimum strength requirements, particularly refillable containers. No weight reduction for glass refillable bottles was found in comparing 1976 data (Midwest Research Institute 1976) to current bottle masses (Keoleian 1997) . Specific weight reduction data were not available for other milk containers.
Solid Waste Generation
The total life-cycle solid waste is presented in table 5 for each milk container. Model results assuming a zero postconsumer recycling rate agreed well with results from previous studies that did not account for postconsumer recycling. The model using the 1996 material production data set and 1995 recycling rates indicated that the HDPE 1-gal 50-trip refillable bottle generated the least life-cycle solid waste (4 kg/1,000 gal), whereas the single-use glass container generated the most life-cycle solid waste (951 kg/ 1,000 gal). The relatively small difference between the 1996 model case and previous studies (Swiss FOEFL 1991) , (Franklin 1990) for polycarbonate. ** Material production source: (Swiss FOEFL 1996) , (Boustead 1997) for polycarbonate. is due to differences in the solid waste factors for material production, transportation, and washing. For single-use milk containers, postconsumer waste accounts for 90% of life-cycle solid waste on average. In the case of refillable containers, postconsumer waste accounts for 74% of the life-cycle solid waste. The difference results from the waste associated with the washing and additional transportation requirements for the refillable containers. The effects of recent changes in HDPE and glass recycling rates on total life-cycle solid waste are also indicated in table 5. The corresponding recycling rates are shown in table 1. In general, the variation in the recent national average recycling rates did not have a dramatic effect on the total life-cycle solid waste. Strong correlations exist for both container weight reduction (table 4) and postconsumer recycling with the total life-cycle solid waste. Weight reduction of the container, a source reduction strategy, will have a slightly greater impact on total life-cycle solid waste reduction than is observed for an equivalent percentage increase in the recycle rate.
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Cost Assessment
The total life-cycle costs for each container per 1,000 gal of milk delivered are indicated in table 6. These costs ranged from $44 for 50-trip refillable HDPE containers to $1,039 for singleuse glass bottles. For the single container systems shown in table 6, empty container costs represent 79% of the total on average. Costs for refillable container systems are less dependent on empty container costs than are single-use systems. Container costs accounted for 51% of the life-cycle cost for high-trippage refillable systems. A sensitivity analysis of tipping fees on the net end-of-life cost for each container system is shown in figure 1 . National average tipping fees were very steady between 1993 and 1996 ($28/ ton in 1993, $29/ton in 1994, $34/ton in 1995, Figure 1 Effect of landfill tipping fee on end-of-life cost for container systems (1/2 gal containers). **Although the polycarbonate bottle manufacturer has a bottle buy-back program, the percentage of discarded containers recycled through this system is not known.
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Neg. These containers reported to have a negligible recycle rate during the years studied.
N/A. Data not available.
Recycle rates for HDPE and glass provided in table 1.
and $32/ton in 1996) and consequently end-oflife costs would not change significantly. The range of tipping fees shown on the abscissa in figure 1 represents the regional variation for 1995. The tipping fee over this range does have a strong effect (about 24%) on the end-of-life cost for single-use glass. In contrast, the tipping fee, even at the extreme regional 1995 values of $8/ton and $79/ton has a very weak effect on the total life-cycle cost for all containers studied. The largest variation was observed for glass single-use bottles where the life-cycle cost increased by only 6% when the tipping fee was increased from $8/ton to $79/ton. The effects of recent fluctuations in the market value of recycled material on the end-of-life cost for each container were examined in figure 2. HDPE showed the most dramatic change; between April 1995 and April 1996 the price of recycled HDPE decreased to one-third its initial value and the end-of-life cost increased by 41%. Similar to the tipping fee case, a sensitivity analysis of recycled material prices indicated that this parameter did not have a major effect on the total life-cycle costs, even though prices showed significant volatility over a 3-year period. The greatest change was found for a single-use HDPE bottle where a 67% drop in the price of recycled HDPE led to only a 3% increase in the total lifecycle cost. The sensitivity analysis results for the tipping fee and the recycled material market value support previous findings indicating that the total life-cycle cost is dominated by the empty container price. Other anecdotal information regarding refillable bottles provides some insight into their limited success in the marketplace. In general, a relatively significant deposit is required on refillable bottles (generally more than 50 cents). This increase in the purchase cost of milk sold in refillable containers may discourage many customers. If the deposit is reduced, bottle return rates drop significantly and bottle replacement expenses incurred by dairies increase accordingly.
Performance
A qualitative evaluation of each milk container system is indicated in table 7. The overall performance represents an average of the scores for the six performance criteria. The HDPE refillable and single-use bottles had high scores for Table 6 Life-cycle costs of 0.5-gal milk containers (values rounded to the nearest dollar) ($/1000 gal) *End-of-Life = recycling, incineration, and landfill disposal.
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most performance criteria leading to an overall best performance rating. The single-use and refillable glass containers had a low overall score because of their potential for breakage, transparency, and relatively high weight. The limitations of the paperboard carton are its potential for leakage and its difficulty in opening, particularly for the elderly (Sfiligoj 1994 ). In the case of refillable containers, merchants must accommodate returns of refillable containers, whereas consumers must be responsible for rinsing and returning them to the grocery store. A return infrastructure has been established in bottle bill states, although the trend is shifting almost exclusively toward recycling nonrefillable containers. Even though returns may be considered inconvenient, nonreturnable packaging also requires some type of consumer action, either through trash disposal or recycling. The polycarbonate refillable container had similar ratings as the HDPE refillable except that it is less able to block ultraviolet light, which has the potential to lead to losses in nutritional value (Dexheimer 1993) .
The weak attributes of the pouch are its vulnerability to puncture and its resealability limitations. A pitcher, which must be cleaned periodically, is required to hold the pouch and facilitate pouring and storage. Thus, although currently popular in regional markets, both the pouch and refillable bottles exhibit clear performance trade-offs that limit their successful market penetration.
Design Guidelines and Recommendations
Design guidelines for milk packaging were developed from the analyses of life-cycle inventory results presented in tables 3 to 5. Based on life-cycle solid waste and energy data for a variety of container systems, the following two environmental guidelines for container design are proposed:
Minimize total life-cycle energy by minimizing material production energy, particularly for single-use containers. This can be achieved by using less energy-intensive materials and reducing the material intensity of each container. Making both single-use and refillable containers lighter will also reduce transportation energy requirements. For refillable containers, high refill rates will reduce the contribution of the material production energy to the total life-cycle energy on a unit delivered basis. Minimize total life-cycle solid waste by minimizing postconsum er solid waste. This can be achieved through reductions in container weight per volume delivered and through achieving high refill rates with refillable systems.
A special caveat must be stated here regarding these guidelines: They do not address environmental impacts related to air emissions and water effluents and do not distinguish between types of solid waste. In addition, resource depletion and scarcity issues for elemental flows (originating from the earth) of materials and energy were not considered. Therefore, these guidelines are limited in their ability to facilitate the design or selection of container systems with the least overall environmental impact. Special caution should be exercised when applying these guidelines to other beverage container systems; however, functionally similar systems should follow similar patterns for the distribution of solid waste and energy across the life cycle.
Another design guideline can be deduced from an analysis of life-cycle cost results. Table 6 indicates that empty container costs contributed a majority of the total life-cycle costs, consequently the following guideline is proposed:
Minimize total life-cycle costs by minimizing empty container cost on a per-volume basis.
This can be achieved by either high trippage rate for refillable bottles or by limiting material and fabrication costs for single-use containers. Life-cycle cost represents the costs to society that are reflected in the marketplace. Externalities such as possible global warming caused by greenhouse gas emissions were not included in total life-cycle cost.
Conclusions
The life-cycle inventory and cost analysis tools were applied to milk packaging to guide environmental improvements through better design. Simplified design guidelines for improv- 
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ing the environmental performance of milk packaging were recommended based on results from the inventory model developed herein and an analysis of previous life-cycle inventory studies. For single-use containers, the total life-cycle energy can be approximated by computing the material production energy of the package. For this reason, less energy-intensive materials should be encouraged along with less materialintensive containers. For refillable containers, high refill rates should be achieved to best exploit the initial energy investment in the production of the container. Life-cycle solid waste is largely determined by postconsumer packaging waste; consequently less material-intensive containers in general should be emphasized. The packaging community does not have easy access to life-cycle inventory data or the resources to perform rigorous life-cycle inventory studies on a routine basis. The metrics and guidelines developed in this study are intended to respond to these limitations. As published life-cycle data become more widely available and techniques for impact assessment are further developed, additional metrics addressing ecological and human health consequences, caused by air pollutant emissions and water pollutant effluents, and resource depletion issues should be established for milk and juice packaging. These metrics will complement the metrics proposed here and will provide a more comprehensive measure of a packaging system's environmental performance.
Close agreement in the relative rankings of container systems was found between results from previous studies and the inventory model developed in this article. Milk packaging and beverage containers in general are relatively simple product systems to analyze because of their single-material composition. It is expected that variability among studies would be greater for more complex product systems when more assumptions and judgments must be made regarding system boundaries and allocation rules. Sensitivity and scenario analyses were useful in exploring the importance of material production inventory parameters, container mass, and recycling rates on total life-cycle energy, solid waste, and cost.
The life-cycle cost analysis showed that the empty container cost was the major determinant of total life-cycle cost, which also includes the transportation, filling, and end-of-life costs such as collection and disposal. Volatility in the market value of recycled materials and the dramatic regional variation in tipping fees did not have a significant impact on the total life-cycle cost.
Analysis of milk container systems highlighted both trade-offs and some consistent patterns for environmental, cost, and performance criteria. Refillable HDPE and polycarbonate bottles and the flexible pouch were shown to be the most environmentally preferable containers with respect to life-cycle energy and solid waste criteria. These containers were also found to have the least life-cycle costs. The strong correlation between least life-cycle cost and least lifecycle environmental burden indicates that the market system could potentially encourage these environmentally preferable containers. For this to occur, retailers would have to account for container costs more accurately in pricing milk. In other cases, significant externalities (environmental burdens) not reflected in the market system may also create a barrier for market penetration of an environmentally preferable container. The ideal container would combine the following attributes: low fabrication cost, barrier properties comparable to glass, low weight and shatter resistance afforded by plastics, resealability (screw-on top), low material production energy per unit delivered, low material production of solid waste per unit delivered, and high end-of-life recyclability (dependent on infrastructure). These characteristics apply to both single-use and refillable container systems.
Performance factors currently influence the overall viability of alternative container systems much more significantly than environmental burdens. Several performance criteria were highlighted that present potential barriers to otherwise environmentally preferable containers such as the refillable bottles and pouches. Containers that require significant changes in merchandising and/or consumer practices will encounter market resistance. Public education about the environmental merits of these systems may be required to influence their acceptance.
In addition to cost and performance, government policies and regulations can potentially influence the design of container packaging. The diverse and complex policies and regula-tions related to packaging systems include fees and taxes, municipal/state/federal goals, bans and mandates, recycling/waste minimization requirements, and manufacturer packaging requirements . The network of regulatory and policy incentives and constraints is not balanced in its coverage of the total life-cycle system. In particular, current policies and regulations tend to focus mainly on the recycling of postconsumer packaging waste. This emphasis could favor less environmentally preferable packaging such as single-use glass containers over a pouch system that results in less total life-cycle energy and waste. Regulations that support postconsumer solid waste minimization should be encouraged, but instruments that focus on discrete stages must be developed in a fashion that does not eliminate packaging systems that are preferable from a total life-cycle perspective. This narrow perspective was also observed for consumers whose perception of environmental performance was based on single attributes such as material type and returnability, which often conflicted with life-cycle assessments (Van Dam 1996) . Glass refillable bottle s were perceived to be much more environmentally preferable than plastic refillables. In general, consumers lack information about the environmental profiles of packages, and related costs, and consequently give little attention to this factor in milk purchases. The metrics established in this study can help educate the public, milk distributors, retailers, packaging designers, material suppliers, and policymakers about the environmental consequences of milk and juice packaging.
